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,QRUGHUWRUHGXFHWKHDERYHV\VWHPRISDUWLDOGLIIHUHQWLDOHTXDWLRQVWRDV\VWHPRIRUGLQDU\HTXDWLRQVLQWR
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1XVVHOWQXPEHU

)URP WHPSHUDWXUH ILHOG QRZ ZH VWXG\ 1XVVHOW QXPEHU UDWH RI FKDQJH RI KHDW WUDQVIHU ZKLFK LV JLYHQ LQ QRQ
GLPHQVLRQDOIRUPDV
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6KHUZRRGQXPEHU

)URPFRQFHQWUDWLRQILHOGQRZZHVWXG\6KHUZRRGQXPEHUUDWHRIFKDQJHRIPDVVWUDQVIHUZKLFKLVJLYHQLQQRQ
GLPHQVLRQDOIRUPDV
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5HVXOWVDQG'LVFXVVLRQ
,Q RUGHU WR REWDLQ WKH SK\VLFDO VLJQLILFDQFH  RI WKH SUREOHP ZH KDYH SORWWHG YHORFLW\ WHPSHUDWXUH
FRQFHQWUDWLRQWKHUDWHRIKHDWWUDQVIHUDQGWKHUDWHRIPDVVWUDQVIHUIRUGLIIHUHQWYDOXHVRIWKHSK\VLFDOSDUDPHWHUV
OLNH0DJQHWLF SDUDPHWHU0  WKHUPDO*UDVKRI QXPEHU*U  3HUPHDELOLW\ SDUDPHWHU.  6ROXWDO*UDVKRI QXPEHU
*F 7KHUPDO UDGLDWLRQ 5 3UDQGWOQXPEHU 3U 6FKPLGWQXPEHU 6F DQG&KHPLFDO UHDFWLRQSDUDPHWHU .U  ,Q WKH
SUHVHQW VWXG\ IROORZLQJ GHIDXOW SDUDPHWHU YDOXHV DUH DGRSWHG IRU FRPSXWDWLRQV *F   *P  5  
W
SZ   6F     3U     . .U 5 0 $ K H        $OO JUDSKV WKHUHIRUH
FRUUHVSRQGWRWKHVHYDOXHVXQOHVVVSHFLILFDOO\LQGLFDWHGRQWKHDSSURSULDWHJUDSK

)LJXUH  GHSLFWV WKH YHORFLW\ UHVSRQVH WR GLVWLQFW YDOXHV RI WKH WKHUPDO*UDVKRI QXPEHU*U  ,W LV IRXQG WKDW DQ
LQFUHDVH LQ WKH WKHUPDO*UDVKRIQXPEHU UHVXOWV WR ULVH LQ WKHYDOXHVRI YHORFLW\GXH WR HQKDQFHPHQW LQEXR\DQF\
IRUFH+HUHWKHSRVLWLYHYDOXHVRIWKHWKHUPDO*UDVKRIQXPEHUFRUUHVSRQGWRFRROLQJRIWKHVXUIDFH)LJXUHVKRZV
WKHW\SLFDOYHORFLW\SURILOHVLQWKHERXQGDU\OD\HUIRUGLVWLQFWYDOXHVRIWKHVROXWDO*UDVKRIQXPEHU*F 7KHYHORFLW\
GLVWULEXWLRQ DWWDLQV D GLVWLQFWLYHPD[LPXP YDOXH LQ WKH UHJLRQRI WKH SODWH VXUIDFH DQG WKHQ GHFUHDVH SURSHUO\ WR
DSSURDFK WKHIUHHVWUHDPYDOXH7KLV LVHYLGHQW LQ WKH LQFUHDVH LQ WKHYDOXHRIYHORFLW\DVVROXWDO*UDVKRIQXPEHU
LQFUHDVHV )LJXUH  GHSLFWV HIIHFW RI0DJQHWLF SDUDPHWHU 0 RQ WKH YHORFLW\ RI WKH IORZ ILHOG +HUH WKH YHORFLW\
SURILOHV DUH GUDZQ DJDLQVW \ IRU IRXU GLIIHUHQW YDOXHV RI 0 7KH 0DJQHWLF SDUDPHWHU LV IRXQG WR GHFUHDVH WKH
YHORFLW\RIWKHIORZILHOGDWDOOSRLQWV)LJXUHVKRZVWKHHIIHFWRIWKHSHUPHDELOLW\RIWKHSRURXVPHGLXPSDUDPHWHU
.RQWKHYHORFLW\GLVWULEXWLRQ,WLVIRXQGWKDWWKHYHORFLW\LQFUHDVHVZLWKDQLQFUHDVHLQ . 

)RUGLIIHUHQWYDOXHVRIWKHUPDO5DGLDWLRQSDUDPHWHU 5 RQWKHYHORFLW\DQGWHPSHUDWXUHSURILOHVDUHVKRZQ
LQ)LJXUHDQG)LJXUH7KHUDGLDWLRQSDUDPHWHU 5 LVIRXQGWRGHFHOHUDWHWKHYHORFLW\DQGWHPSHUDWXUHRIWKHIORZ
ILHOG DW DOO SRLQWV+LJKHU WKH UDGLDWLRQSDUDPHWHU WKHPRUH VKDUSHU LV WKH UHGXFWLRQ LQ YHORFLW\ DQG WHPSHUDWXUH
)LJXUH  DQG )LJXUH  VKRZV WKH SORW RI YHORFLW\ DQG WHPSHUDWXUH RI WKH IORZ ILHOG DJDLQVW GLIIHUHQW YDOXHV RI
SUDQGWOQXPEHU 3U WDNLQJRWKHUSDUDPHWHUVDUHFRQVWDQWLWLVREVHUYHGWKDWWKHYHORFLW\DQGWHPSHUDWXUHRIWKHIORZ
ILHOGGHFUHDVHVLQPDJQLWXGHDVSUDQGWOQXPEHU 3U LQFUHDVHV7KXVKLJKHUSUDQGWOQXPEHUOHDGVWRIDVWHUFRROLQJRI
WKHSODWH
7KHHIIHFWRIWKH6FKPLGWQXPEHU 6F RQWKHYHORFLW\DQGFRQFHQWUDWLRQDUHVKRZQLQ)LJXUHDQG)LJXUH
7KH IORZ ILHOG VXIIHUV D GHFUHDVH LQ YHORFLW\ DW DOO SRLQWV LQ SUHVHQFH RI KHDYLHU GLIIXVLQJ VSHFLHV 7KH
FRQFHQWUDWLRQGLVWULEXWLRQLVIRXQGWRGHFUHDVHIDVWHUDVWKHGLIIXVLQJIRUHLJQVSHFLHVEHFRPHVKHDYHU7KXVLQFUHDVH
LQ6FKPLGWQXPEHUOHDGVWRIDVWHUGHFUHDVHLQFRQFHQWUDWLRQRIWKHIORZILHOG)LJXUHDQG)LJXUHLOOXVWUDWHVWKH
EHKDYLRUYHORFLW\DQGFRQFHQWUDWLRQ IRUGLIIHUHQWYDOXHVRIFKHPLFDO UHDFWLRQSDUDPHWHU .U  ,W LVREVHUYHG WKDWDQ
LQFUHDVH LQ .U OHDGV WR D GHFUHDVH LQ ERWK WKH YDOXHV RI YHORFLW\ DQG FRQFHQWUDWLRQ )LJXUH  VKRZV WKH HIIHFW RI
UDUHIDFWLRQ SDUDPHWHU RQ YHORFLW\ SURILOHV:H REVHUYH WKDW WKH YHORFLW\ JUDGLHQW DW WKH VXUIDFH LQFUHDVHZLWK WKH
LQFUHDVH RI UDUHIDFWLRQ SDUDPHWHU )LJXUH LOOXVWUDWHV WKH HIIHFW RI VXFWLRQ SDUDPHWHU RQ YHORFLW\ SURILOHV ,W LV
REVHUYHGWKDWWKHVXFWLRQSDUDPHWHULQFUHDVHVIRUKLJKHUYDOXHVYHORFLW\SURILOHVGHFUHDVHV
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&RQFOXVLRQV
7KHSUHVHQWLQYHVWLJDWLRQEULQJVRXWWKHIROORZLQJFRQFOXVLRQVRISK\VLFDOLQWHUHVWRQWKHYHORFLW\WHPSHUDWXUHDQG
FRQFHQWUDWLRQGLVWULEXWLRQRIWKHIORZILHOG
x 7KH*UDVKRIQXPEHUIRUKHDWWUDQVIHU*UDQGPDVVWUDQVIHU*PDFFHOHUDWHWKHYHORFLW\RIWKHIORZ
ILHOGDWDOOSRLQWV%XWWKHLQFUHDVHLQYHORFLW\RIWKHIORZILHOGLVPRUHVLJQLILFDQWLQSUHVHQFHRIPDVV
WUDQVIHU
x 7KH UHGXFWLRQ LQYHORFLW\DW DQ\SRLQWRI WKH IORZ ILHOG LV IDVWHUDV WKH UDGLDWLRQSDUDPHWHUEHFRPHV
ODUJHU7KXVJUHDWHUUDGLDWLRQOHDGVWRIDVWHUUHGXFWLRQLQWKHYHORFLW\RIWKHIORZILHOG
x ,Q SUHVHQFH RI KHDYLHU GLIIXVLQJ VSHFLHV WKH IORZ ILHOG VXIIHUV D JUHDWHU UHGXFWLRQ LQ YHORFLW\ DW DOO
SRLQWV
x $WDQ\SRLQWLQWKHIORZILHOGWKHFRROLQJRIWKHSODWHLVIDVWHUDV3UDQGWOQXPEHUEHFRPHVODUJHU7KXV
3UDQGWOQXPEHUOHDGVWRIDVWHUFRROLQJRIWKHSODWH
x 7KHIORZILHOGVXIIHUVD IDVWHUGHFUHDVH LQFRQFHQWUDWLRQDWDOOSRLQWV DV WKHGLIIXVLQJ IRUHLJQVSHFLHV
SUHVHQWLQWKHIORZILHOGEHFRPHVKHDYLHUDQGOHDGVWRDIDVWHUUHGXFWLRQRIFRQFHQWUDWLRQRIWKHIORZ
ILHOG

$FNQRZOHGJPHQWV
$XWKRUVDUHWKDQNIXOWR956LGGKDUWKD(QJLQHHULQJ&ROOHJH.DQXUX9LMD\DZDGD$QGKUD3UDGHVK,QGLD
IRUSURYLGLQJILQDQFLDOVXSSRUWDQGQHFHVVDU\UHVHDUFKIDFLOLWLHVWRSXEOLVKWKLVSDSHU7KHDXWKRUVDUHWKDQNIXOIRU
WKHVXJJHVWLRQVDQGFRPPHQWVRIWKHUHIHUHHVZKLFKKDYHOHGWRLPSURYHPHQWRIWKHSDSHU


)LJXUH,QIOXHQFHRI*UDVKRIQXPEHURQYHORFLW\SURILOHV )LJXUH,QIOXHQFHRI6ROXWDO*UDVKRIQXPEHURQYHORFLW\
SURILOHV

)LJXUH,QIOXHQFHRI0DJQHWLFSDUDPHWHURQYHORFLW\
SURILOHV

)LJXUH,QIOXHQFHRI3HUPHDELOLW\SDUDPHWHURQYHORFLW\
SURILOHV
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
)LJXUH,QIOXHQFHRI5DGLDWLRQSDUDPHWHURQYHORFLW\
SURILOHV

)LJXUH,QIOXHQFHRI3UDQGWOQXPEHURQYHORFLW\SURILOHV

)LJXUH,QIOXHQFHRI6FKPLGWQXPEHURQYHORFLW\SURILOHV

)LJXUH,QIOXHQFHRI&KHPLFDOUHDFWLRQSDUDPHWHURQ
YHORFLW\SURILOHV

)LJXUH,QIOXHQFHRI5HIUDFWLRQSDUDPHWHURQYHORFLW\
SURILOHV

)LJXUH,QIOXHQFHRI6XFWLRQSDUDPHWHURQYHORFLW\
SURILOHV

)LJXUH,QIOXHQFHRI3UDQGWOQXPEHURQ
7HPSHUDWXUHSURILOHV


)LJXUH,QIOXHQFHRI5DGLDWLRQSDUDPHWHURQ
7HPSHUDWXUHSURILOHV


)LJXUH,QIOXHQFHRI&KHPLFDOUHDFWLRQSDUDPHWHURQ
FRQFHQWUDWLRQSURILOHV

)LJXUH,QIOXHQFHRI6FKPLGWQXPEHURQ
&RQFHQWUDWLRQSURILOHV
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